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Abstract — Aims: To assess the accuracy of Alcohol Use Disorders Identification Test (AUDIT) scores for problem drinking in males
and females aged 18–35 in England. Methods: A method comparison study with 420 primary care patients aged 18–35. Test measures
were AUDIT and AUDIT-C. Reference standard measures were (a) Time-Line Follow-Back interview for hazardous drinking; World
Mental Health Composite International Diagnostic Interview for (b) DSM-IV alcohol abuse, (c) DSM-IV alcohol dependence, (d)
DSM-5 alcohol use disorders. Results: Area under the curve (AUC) was (a) 0.79 (95% CI 0.73–0.85; males) and 0.84 (0.79–0.88;
females); (b) 0.62 (0.54–0.72; males) and 0.65 (0.57–0.72; females); (c) 0.77 (0.65–0.87; males) and 0.76 (0.67–0.74; females); (d)
0.70 (0.60–0.78; males) and 0.73 (CI 0.67–0.78; females). Identification of threshold cut-point scores from the AUC was not straightforward. Youden J statistic optimal cut-point scores varied by 4–6 AUDIT scale points for each outcome according to whether sensitivity
or specificity were prioritized. Using Bayes’ Theorem, the post-test probability of drinking problems changed as AUDIT score
increased, according to the slope of the probability curve. Conclusion: The full AUDIT scale showed good or very good accuracy for
all outcome measures for males and females, except for alcohol abuse which had sufficient accuracy. In a screening scenario where sensitivity might be prioritized, the optimal cut-point is lower than established AUDIT cut-points of 8+ for men and 6+ for women. Bayes’
Theorem to calculate individual probabilities for problem drinking offers an alternative to arbitrary cut-point threshold scores in screening and brief intervention programmes.

INTRODUCTION
The European Union (EU) is the heaviest drinking region of
the world, drinking 11 l of pure alcohol per adult each year
(Anderson and Baumberg, 2006). More than 1 in 4 deaths
among men (aged 15–29 years) and 1 in every 10 deaths
among young women in the EU is alcohol-related (Rehm
et al., 2005). Young people (aged 15–24 years) are responsible
for a high proportion of this burden, with over 25% of youth
male mortality and ~10% of young female mortality being due
to alcohol (Anderson and Baumberg, 2006). Screening for
drinking problems in early adulthood has the potential to identify those at risk and trigger an appropriate intervention,
whether it is brief advice or onward referral. However, the
uncertainty over the accuracy of screening tests for alcohol
problems was reflected in the UK NHS National Screening
Committee decision in 2011 (Lines, 2010) to recommend
against the adoption of a formal universal screening programme for alcohol misuse. They concluded that whilst the
Alcohol Use Disorders Identification Test (AUDIT) (Babor
et al., 2001) had been evaluated in many studies and there was
some UK evidence for AUDIT as a valid test for alcohol
misuse in men aged 35–54, it is not clear which threshold
scores should be used for women, younger adults, adults over
65 years and ethnic minorities.
The accuracy of diagnostic or screening tests for identifying
problem drinkers in primary care settings has been evaluated by
systematic review and meta-analysis (Kriston et al., 2008;
Smith et al., 2014). The Cochrane review (Smith et al., 2014)
found that the AUDIT had good accuracy for identifying alcohol
abuse or dependence, and that the short-form AUDIT-C had
good accuracy for identification of hazardous drinking. Only
one British study (N = 194) with men (mean age 46 years) from
a Welsh primary care setting was included; there were no studies
that predominantly included young adults aged 18–35 years or
women from a UK primary care population.

There is a lack of direct evidence for optimal cut-point
threshold scores for hazardous drinking, alcohol abuse, alcohol
dependence and alcohol use disorders in a younger adult population. Another consideration is whether selecting a specific
cut-point threshold, thus dichotomizing the test scale, could be
practically inferior to the more detailed information provided
with the application of Bayes’ Theorem (Foxcroft et al., 2009),
where the probability of having an alcohol problem can be estimated for each discrete test score. This approach (Hall, 1985)
combines the prior probability (e.g. population prevalence) with
the likelihood ratio derived from each test score to create a
post-test probability. A probability graph (Katz, 1974) or a
nomogram (Fagan, 1975) can then be produced.
In this accuracy study we (a) assessed the accuracy of the
AUDIT and AUDIT-C for the detection of hazardous drinking, alcohol abuse (DSM-IV), alcohol dependence (DSM-IV)
and alcohol use disorders (DSM-5) with young adults in a
UK primary care population using ROC analysis and suggested optimal cut-point threshold scores; and (b) calculated
probability estimates for each discrete test score using Bayes’
Theorem.

METHOD
This was a method comparison study, with 14 primary care
practices in the Thames Valley area of England. For each
primary care practice, administrative staff identified patients to
be approached for recruitment into the study using a systematic
sampling protocol. All eligible patients (aged 18–35) were
listed separately from the complete practice population, and
the total number of eligible patients (separated by gender) was
divided by the target number required in the sample, with
adjustments made for expected non-response and refusal. The
target number was the same for each practice. This gave the
size of step to be applied to the list of eligible patients, and
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practice administrative staff selected patients from the list at
every step. For example, if the practice had 1500 eligible 18–35
year-old males on the list, and the target number to be
approached was 500 males, then every third male patient
would be selected. Lists were typically sorted alphabetically.
Because of data protection requirements, all sampling and
initial contact with patients was undertaken by practice staff
and research personnel were not involved. Across the 14
primary care practices included in the study, the number of eligible patients was 41,412, and the number approached for inclusion in the study 14,480 (35%). These patients (6180 men
and 8300 women) were sent a 30-item General Lifestyle
Questionnaire (GLQ) that included the 10-item AUDIT, to
complete and return. All patients, regardless of AUDIT score,
were also invited to participate in a telephone interview following return of the questionnaire. Questionnaire return indicated consent to participate in the study. Telephone interviews
were conducted by researchers who were blind to AUDIT
responses and score, using (a) Time-Line Follow-Back (TLFB)
to ascertain quantity and frequency of alcohol consumption in
the previous 90 days (Sobell et al., 1988, 1992); and (b) World
Mental Health Composite International Diagnostic Interview
(WMH-CIDI) (Robins et al., 1988) to assess alcohol abuse,
alcohol dependence and alcohol use disorders. Three telephone interviewers were trained and certified in the use of the
WMH-CIDI via a World Health Organisation (WHO) authorized WMH-CIDI Training and Reference Centre. There is no
formal external training and certification requirement for
TLFB, though we consulted with the TLFB developers and
interviewers undertook relevant in-house training. The research procedure did not allow for randomization of the order
of administration; all participants completed the AUDIT first,
then within a target 2-week follow-up period completed the
WMH-CIDI followed by the TLFB.
Quantity of alcohol ascertained via TLFB, was standardized
into UK units (one unit is 10 ml (7.9 g) pure alcohol).
Hazardous drinking was defined as exceeding 14 (women) or
21 (men) units of alcohol in any 1 week; or 2 (women) or 3
(men) units a day for 5 days in any 1 week (Royal College of
Physicians, 2011). We defined ‘1 week’ as any rolling consecutive 7-day period. A positive reference test for hazardous
drinking was any incidence in the previous 90 days.
Alcohol abuse and alcohol dependence variables (DSM-IV
criteria (American Psychiatric Association, 1994)) were
created from WMH-CIDI data using algorithms provided by
the WHO WMH-CIDI Centre at Harvard University. DSM-IV
Criteria for Alcohol Abuse are a maladaptive pattern of
alcohol abuse leading to clinically significant impairment or
distress, as manifested by one or more of the following, occurring within a 12-month period:
(1) Recurrent alcohol use resulting in failure to fulfil
major role obligations at work, school or home (e.g.
repeated absences or poor work performance related
to substance use; substance-related absences, suspensions or expulsions from school; or neglect of children
or household).
(2) Recurrent alcohol use in situations in which it is physically hazardous (e.g. driving an automobile or operating a machine).
(3) Recurrent alcohol-related legal problems (e.g. arrests
for alcohol-related disorderly conduct).
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(4) Continued alcohol use despite persistent or recurrent
social or interpersonal problems caused or exacerbated by the effects of the alcohol (e.g. arguments
with spouse about consequences of intoxication or
physical fights).
These symptoms must never have met the criteria for alcohol
dependence. DSM-IV Criteria for Alcohol Dependence are a
maladaptive pattern of alcohol use, leading to clinically significant impairment or distress, as manifested by three or more
of the following seven criteria, occurring at any time in the
same 12-month period:
(1) Tolerance, as defined by either of the following: a
need for markedly increased amounts of alcohol to
achieve intoxication or desired effect; or markedly
diminished effect with continued use of the same
amount of alcohol.
(2) Withdrawal, as defined by either of the following: the
characteristic withdrawal syndrome for alcohol (refer
to DSM-IV for further details); or alcohol is taken to
relieve or avoid withdrawal symptoms.
(3) Alcohol is often taken in larger amounts or over a
longer period than was intended.
(4) There is a persistent desire or there are unsuccessful
efforts to cut down or control alcohol use.
(5) A great deal of time is spent in activities necessary to
obtain alcohol, use alcohol or recover from its effects.
(6) Important social, occupational, or recreational activities are given up or reduced because of alcohol use.
(7) Alcohol use is continued despite knowledge of having
a persistent or recurrent physical or psychological
problem that is likely to have been caused or exacerbated by the alcohol (e.g. continued drinking despite
recognition that an ulcer was made worse by alcohol
consumption).
The new DSM-5 (American Psychiatric Association, 2013)
alcohol use disorders variable was created from WMH-CIDI
data by the authors (code available on request). Alcohol use
disorders in DSM-5 combines the DSM-IV categories of
abuse and dependence into a single disorder measured on a
continuum from mild to severe. Whereas a diagnosis of
alcohol abuse previously required only one symptom, mild
alcohol use disorder in DSM-5 requires two to three symptoms
from a list of 11. In addition, craving has been added to the
list, and problems with law enforcement have been dropped
because of cultural considerations that make the criteria difficult to apply internationally.
Our sample size calculation indicated that we required 259
women and 139 men for validation of hazardous drinking, if
sensitivity was 80% [1], ±10% (Coulton et al., 2006), given
expected prevalence (44% for men; 24% for women)
(McManus et al., 2009) with 5% alpha.
ROC curves, sensitivity, specificity, positive and negative
predictive values and positive likelihood ratios were calculated, along with 95% confidence intervals. Area under the
Curve (AUC) values were calculated to give an indication of
the usefulness of the tests for various reference standard measures. A ‘rule-of-thumb’ approach was used to interpret AUC,
with values of between 0.5 and 0.6 indicating low accuracy,
between 0.6 and 0.7 indicating sufficient accuracy, between
0.7 and 0.8 indicating good accuracy, between 0.8 and
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0.9 indicating very good accuracy, and excellent accuracy
if over 0.9 (Fischer et al., 2003; Streiner and Cairney, 2007;
Simundic, 2008). Unweighted and weighted Youden index
scores were also calculated to indicate potential optimal
threshold (cut-point) test scores. The Youden index (J)
(Youden, 1950), a function of sensitivity and speciﬁcity, is a
commonly used measure of overall diagnostic effectiveness
(Wieand et al., 1989; Goddard and Hinbery, 1990; Zweig and
Campbell, 1993), and the weighted index (Jw) enables greater
emphasis to be placed on either sensitivity or specificity (Li
et al., 2013). We used Bayes’ theorem to calculate post-test
probability by reference test, index test and gender. Pre-test
probabilities were based on prevalence figures from the
obtained sample (by gender), and post-test probability across
the range of test scores was estimated by function fitting and
bootstrapping as reported in previous work (Foxcroft et al.,
2009). All analyses were undertaken using [R] statistical software (R Development Core Team, 2008; Robin et al., 2011).
The National Research Ethics Service approved the study
(NRES No. 12/SC/0535); all participants provided informed
consent prior to their participation in the study.

RESULTS
Data collection took place between January and October 2013.
Of the 14,480 patients invited to participate in the study, 1022
(7.1%) patients agreed by returning the GLQ. Of these, 626
(61.3%) also consented to be interviewed. We completed 420
(138 men and 282 women) telephone interviews within our

Table 1. Sample demographic information, by gender

Age Group
18–24
25–29
30–35
Ethnicity
White
Other (categories merged)
IMD Quintile (England, 2007)
I (lowest deprivation)
II
III
IV
V (highest deprivation)

Males
n (%)

Females
n (%)

Total
n (%)

n = 138
35 (25%)
37 (27%)
66 (48%)
n = 138
122 (88%)
16 (12%)
n = 128
67 (52%)
21 (16%)
27 (21%)
11 (9%)
2 (2%)

n = 282
71 (25%)
95 (34%)
116 (41%)
n = 282
240 (85%)
42 (15%)
n = 269
144 (54%)
52 (19%)
45 (17%)
25 (9%)
3 (1%)

n = 420
106 (25%)
132 (32%)
182 (43%)
n = 420
362 (86%)
58 (14%)
n = 397
211 (53%)
73 (19%)
72 (18%)
36 (9%)
5 (1%)

target timeframe of 2 weeks following return of the GLQ.
Data collection was stopped at N = 420 as we had achieved our
target sample size and we ran out of time for conducting more
interviews. Therefore 206 consenters were not interviewed;
these were either difficult to reach and arrange a suitable time
for interview, or they were not needed as data collection was
stopped. Comparing our achieved sample (N = 420) with
Lower Layer Super Output Area Index of Multiple Deprivation (IMD) quintiles for England (2007), most respondents
(53%) came from the lowest deprivation quintile; only 10%
were from the two highest deprivation quintiles. The majority
were white (86%), and 25% were aged 18–24, 32% aged
25–29 and 43% aged 30–35. See Table 1.
Using TLFB reference standard data, 49% (67) men and
51% (144) women were classified as hazardous drinkers.
Using WMH-CIDI reference standard data, 36% (49) men and
19% (53) women were classified positive for DSM-IV alcohol
abuse, 13% (18) men and 8.5% (24) women were classified
positive for DSM-IV alcohol dependence, and 52% (72) men
and 40% (112) women were classified positive for DSM-5
alcohol use disorders (none vs. mild/moderate/severe).
Table 2 shows and compares the area under the curve
(AUC) for the AUDIT and AUDIT-C tests for hazardous
drinking in men and women. The AUCs with respective 95%
CIs indicate that both tests have good or very good accuracy
for the respective reference standard with no evidence of a difference between the two tests for hazardous drinking (males:
bootstrap test (D) for correlated ROC curves −1.51, P = 0.13;
females: D = −1.33. P = 0.19). The AUC for alcohol abuse,
alcohol dependence and alcohol use disorders, with 95% CIs,
is also shown in Table 1, and indicates that AUDIT is a good
or very good accuracy test for dependence and disorders, but
less so for abuse (sufficient accuracy).
Table 3 shows the sensitivity, specificity, positive and negative predictive values, and the positive likelihood ratio for
optimal threshold scores for AUDIT and AUDIT-C, respectively, according to: (a) Youden J index, sensitivity:specificity
weighted equally; (b) Youden J index weighted 75:25 for sensitivity:specificity; and (c) Youden J index weighted 25:75 for
sensitivity:specificity. Optimal cut-points for identification of
hazardous drinking using AUDIT were nine and four for men
and women, respectively. The optimum cut-point decreased to
five and two when weighting favoured sensitivity, and increased to eleven and seven when weighting favoured specificity, for men and women, respectively. Optimal cut-points for
identification of hazardous drinking using AUDIT-C were
five and four for men and women, respectively. The optimum
cut-point decreased to four and two when weighting favoured

Table 2. Area under the curve (AUC) for AUDIT and AUDIT-C as predictors of hazardous drinking classification measured using Time-Line Follow-Back
(TLFB), and AUDIT for classification of DSM alcohol problems measured using the World Mental Health Composite International Diagnostic Interview
(WMH-CIDI), in males and females
Males (n = 138)

Females (n = 282)

Reference standard measure

AUDIT
AUC
(95% CI)

AUDIT-C
AUC
(95% CI)

AUDIT
AUC
(95% CI)

AUDIT-C
AUC
(95% CI)

TLFB hazardous drinker
WMH-CIDI DSM-IV abuse
WMH-CIDI DSM-IV dependence
WMH-CIDI DSM-5 disorder

0.79 (0.73–0.85)
0.62 (0.54–0.72)
0.77 (0.65–0.87)
0.70 (0.60–0.78)

0.82 (0.76–0.88)
NA
NA
NA

0.84 (0.79–0.88)
0.65 (0.57–0.72)
0.76 (0.67–0.74)
0.73 (0.67–0.78)

0.85 (0.82–0.90)
NA
NA
NA
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sensitivity, and increased to seven and six when weighting
favoured specificity, for men and women, respectively.
Optimal cut-points for AUDIT as a predictor of DSM
alcohol problems are shown in Table 4. Optimal cut-points for
identification of DSM-IV alcohol abuse were ten and five for
men and women, respectively. The optimum cut-point decreased to five and two when weighting favoured sensitivity,
and increased to fifteen and ten when weighting favoured specificity, for men and women, respectively. Optimal cut-points
for identification of DSM-IV alcohol dependence were twelve
and seven for men and women, respectively. The optimum
cut-point decreased to nine and two when weighting favoured
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sensitivity, and increased to twelve and eleven when weighting favoured specificity, for men and women, respectively.
Optimal cut-points for identification of DSM-5 alcohol use
disorders (none vs. mild/moderate/severe) were ten and six for
men and women, respectively. The optimum cut-point decreased to 5 and 2 when weighting favoured sensitivity, and increased to 13 and 11 when weighting favoured specificity, for
men and women, respectively.
Post-test probability curves, for hazardous drinking,
DSM-IV alcohol abuse, DSM-IV alcohol dependence, and
DSM-5 alcohol use disorders, along the range of AUDIT
scores, are shown in Fig. 1.

Table 3. Optimal cut-points and test characteristics for AUDIT and AUDIT-C as a predictor of hazardous drinking in males and females, according to unweighted
and weighted Youden J statistic
Reference standard—Reference test
Males
Hazardous drinker—AUDIT
(i) Unweighted Youden J
(ii) Youden J weighted for sensitivity
(iii) Youden J weighted for specificity
Hazardous Drinker ~ AUDIT-C
(i) Unweighted Youden J
(ii) Youden J weighted for sensitivity
(iii) Youden J weighted for specificity
Females
Hazardous drinker—AUDIT
(i) Unweighted Youden J
(ii) Youden J weighted for sensitivity
(iii) Youden J weighted for specificity
Hazardous drinker—AUDIT-C
(i) Unweighted Youden J
(ii) Youden J weighted for sensitivity
(iii) Youden J weighted for specificity

Optimal
cut-point

Sens (95% CI)

Spec (95% CI)

PPV (95% CI)

NPV (95% CI)

+LR (95% CI)

9
5
11

0.64 (0.52–0.76)
0.93 (0.83–0.98)
0.49 (0.37–0.62)

0.82 (0.71–0.90)
0.48 (0.36–0.60)
0.92 (0.83–0.97)

0.77 (0.64–0.87)
0.63 (0.52–0.72)
0.85 (0.69–0.94)

0.71 (0.60–0.80)
0.87 (0.73–0.96)
0.66 (0.55–0.75)

3.51 (2.08–5.91)
1.78 (1.41–2.24)
5.83 (2.61–13.01)

5
4
7

0.82 (0.71–0.90)
0.94 (0.85–0.98)
0.52 (0.40–0.65)

0.69 (0.57–0.79)
0.51 (0.39–0.63)
0.93 (0.84–0.98)

0.71 (0.60–0.81)
0.64 (0.54–0.74)
0.88 (0.73–0.96)

0.80 (0.68–0.89)
0.90 (0.76–0.97)
0.67 (0.57–0.76)

2.65 (1.84–3.82)
1.91 (1.50–2.43)
7.42 (3.09–17.80)

4
2
7

0.88 (0.82–0.93)
1.00 (0.96–1.00)
0.57 (0.48–0.65)

0.67 (0.59–0.75)
0.36 (0.28–0.45)
0.91 (0.84–0.95)

0.74 (0.67–0.80)
0.62 (0.55–0.68)
0.86 (0.78–0.93)

0.85 (0.76–0.91)
1.00 (0.90–1.00)
0.67 (0.60–0.74)

2.70 (2.11–3.46)
1.57 (1.38–1.78)
6.04 (3.53–10.34)

4
2
6

0.82 (0.75–0.88)
1.00 (0.96–1.00)
0.47 (0.39–0.56)

0.75 (0.67–0.82)
0.37 (0.29–0.46)
0.95 (0.90–0.98)

0.78 (0.70–0.84)
0.62 (0.56–0.69)
0.91 (0.82–0.96)

0.80 (0.72–0.86)
1.00 (0.90–1.00)
0.63 (0.56–0.70)

3.33 (2.46–4.50)
1.59 (1.40–1.80)
9.31 (4.43–19.55)

Table 4. Optimal cut-points and test characteristics for AUDIT as a predictor of alcohol abuse, alcohol dependence and alcohol use disorders in males and females,
according to unweighted and weighted Youden J statistic
Reference standard
Males
DSM-IV abuse
(i) Unweighted Youden J
(ii) Youden J weighted for sensitivity
(iii) Youden J weighted for specificity
DSM-IV dependence
(i) Unweighted Youden J
(ii) Youden J weighted for sensitivity
(iii) Youden J weighted for specificity
DSM-5 disorders
(i) Unweighted Youden J
(ii) Youden J weighted for sensitivity
(iii) Youden J weighted for specificity
Females
DSM-IV Abuse
(i) Unweighted Youden J
(ii) Youden J weighted for sensitivity
(iii) Youden J weighted for specificity
DSM-IV dependence
(i) Unweighted Youden J
(ii) Youden J weighted for sensitivity
(iii) Youden J weighted for specificity
DSM-5 disorders
(i) Unweighted Youden J
(ii) Youden J weighted for sensitivity
(iii) Youden J weighted for specificity

Optimal
cut-point

Sens (95% CI)

Spec (95% CI)

PPV (95% CI)

NPV (95% CI)

+LR (95% CI)

10
5
15

0.49 (0.34–0.64)
0.80 (0.66–0.90)
0.18 (0.09–0.32)

0.74 (0.64–0.83)
0.33 (0.23–0.43)
0.90 (0.82–0.95)

0.51 (0.36–0.66)
0.39 (0.30–0.50)
0.50 (0.26–0.74)

0.73 (0.62–0.81)
0.74 (0.58–0.87)
0.67 (0.57–0.75)

1.90 (1.20–2.98)
1.18 (0.96–1.45)
1.82 (0.77–4.27)

12
9
12

0.67 (0.41–0.87)
0.78 (0.52–0.94)
0.67 (0.41–0.87)

0.86 (0.78–0.92)
0.65 (0.56–0.73)
0.86 (0.78–0.92)

0.41 (0.24–0.61)
0.25 (0.14–0.38)
0.41 (0.24–0.61)

0.94 (0.88–0.98)
0.95 (0.88–0.99)
0.94 (0.88–0.98)

4.71 (2.72–8.14)
2.22 (1.57–3.14)
4.71 (2.72–8.14)

10
5
13

0.48 (0.35–0.60)
0.77 (0.65–0.86)
0.29 (0.19–0.42)

0.78 (0.67–0.87)
0.33 (0.22–0.45)
0.92 (0.83–0.97)

0.66 (0.51–0.79)
0.51 (0.40–0.61)
0.76 (0.55–0.91)

0.63 (0.52–0.73)
0.62 (0.45–0.77)
0.59 (0.50–0.68)

2.18 (1.32–3.60)
1.15 (0.93–1.41)
3.93 (1.36–11.34)

5
2
10

0.72 (0.58–0.83)
0.92 (0.82–0.98)
0.25 (0.14–0.38)

0.56 (0.50–0.63)
0.20 (0.15–0.26)
0.86 (0.81–0.90)

0.28 (0.20–0.36)
0.21 (0.16–0.27)
0.29 (0.16–0.44)

0.90 (0.83–0.94)
0.92 (0.81–0.98)
0.83 (0.78–0.88)

1.64 (1.31–2.05)
1.16 (1.05–1.28)
1.76 (0.99–3.11)

7
2
11

0.71 (0.49–0.87)
1.00 (0.80–1.00)
0.46 (0.26–0.67)

0.70 (0.64–0.75)
0.19 (0.15–0.25)
0.90 (0.86–0.93)

0.18 (0.11–0.27)
0.10 (0.07–0.15)
0.30 (0.16–0.47)

0.96 (0.92–0.98)
1.00 (0.90–1.00)
0.95 (0.91–0.97)

2.34 (1.71–3.22)
1.24 (1.17–1.32)
4.55 (2.58–8.02)

6
2
11

0.63 (0.53–0.72)
0.96 (0.91–0.99)
0.23 (0.15–0.32)

0.74 (0.67–0.80)
0.26 (0.20–0.33)
0.93 (0.88–0.96)

0.59 (0.49–0.68)
0.44 (0.37–0.50)
0.65 (0.47–0.80)

0.77 (0.70–0.83)
0.92 (0.81–0.98)
0.67 (0.61–0.73)

2.42 (1.81–3.23)
1.30 (1.18–1.43)
3.11 (1.66–5.85)
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Fig. 1. Bayes’ theorem post-test probability estimates for drinking problems in English males and females aged 18–35, according to AUDIT score.

If a male aged 18–35 has an AUDIT score of five, for
example, this corresponds to a 0.34 probability of being a hazardous drinker, a 0.33 probability of being an alcohol abuser,
a 0.05 probability of being alcohol dependent and a 0.40 probability of having an alcohol use disorder. Similarly, for a
female, an AUDIT score of three would indicate a 0.29 probability of being a hazardous drinker, a 0.14 probability of
being an alcohol abuser, a 0.03 probability of being alcohol
dependent and a 0.25 probability of having an alcohol use disorder. For a male with an AUDIT score of 25, he would have a
0.92 probability of being a hazardous drinker, a 0.35 probability of being an alcohol abuser, a 0.68 probability of being
alcohol dependent and a 0.81 probability of having an alcohol
use disorder. For a female with an AUDIT score of 25, she
would have a 1.00 probability of being a hazardous drinker, a
0.31 probability of being an alcohol abuser, a 0.85 probability
of being alcohol dependent and a 0.88 probability of having
an alcohol use disorder. It is worth noting that as AUDIT
score increases, the likelihood of a positive alcohol abuse classification is replaced by a classification of dependence; this is
because the a positive abuse classification is made only if the
criteria for dependence are not met.
DISCUSSION
In this study we found that the AUDIT screening test was accurate for the assessment of reference standard classifications
of hazardous drinking, DSM-IV alcohol abuse, DSM-IV
alcohol dependence and DSM-5 alcohol use disorders in a
sample of 18–35 year-old adults from UK primary care. The
short-form AUDIT-C had a similar accuracy profile to the full
AUDIT for the detection of hazardous drinking. The optimal
cut-point threshold score varied substantially according to the
choice of weighting for the Youden J index. Using Bayes’
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theorem, the post-test probability of drinking problems changed
as AUDIT score increased, according to the slope of the probability curve.
If sensitivity is favoured over specificity, which may be
more desirable when the costs of a false positive test are low,
for example in a screening scenario which triggers further
investigations or brief advice on healthy behaviour, then
choosing a lower cut-point threshold score may be desirable
from a clinical or population health perspective. However,
individuals may value costs differently, and it is feasible that
an individual would be upset or annoyed at being labelled as a
heavy or risky drinker if in fact they are not; it also runs the
theoretical risk of disengagement in false positive individuals,
i.e. less likely to respond to health care advice/interventions.
Alternatively, if the costs of a false positive are high, then specificity may be weighted more strongly than sensitivity. From a
public health paradigm sensitivity is likely to be the dominant
consideration when screening for hazardous alcohol consumption coupled with brief, low cost, interventions.
While using a single, simply applied threshold for screening
and diagnostic tests may have advantages in practice settings,
there are some disadvantages. Each point, or score, on a diagnostic scale or screening tool provides useful information that
may be lost if scores are collapsed together into negative or
positive categories. This simplistic approach implies that all
test results above the threshold increase the likelihood that the
condition or disease is present to exactly the same degree.
However, if the likelihood associated with a range of different
thresholds, for example each point on a screening test scale,
can be calculated then more accurate estimates of the probability of a condition or disease can be made. This is particularly
important when risk does not increase linearly with test score.
This approach is also potentially useful in intervention research where AUDIT is used as an outcome measure: a change
in AUDIT score will correspond to a change in probability, or

Accuracy of AUDIT for 18–35 year-olds

prevalence, of problem drinking (Foxcroft et al., 2009).
Whether thresholds or probability estimates are used, because
AUDIT was designed as a screening rather than a diagnostic
tool, either a positive threshold score or a high probability estimate for alcohol dependence or alcohol use disorders should
trigger further tests, before any intervention.
It is possible that the non-random order of the presentation
of the AUDIT and reference tests could have primed certain
responses in the reference tests, though the 2-week delay
between AUDIT and reference tests should protect against any
priming bias. The order of presentation of the reference tests
could also have led to a primed response for the TLFB, as
TLFB always followed WMH-CIDI administration. Another
potential limitation is that we used a 12-month time-frame for
AUDIT responses, but the TLFB covered only the previous 90
days; so there is a mismatch in time-frame. However, we
suggest that 90 days is a long enough period to be representative of the previous 12 months. Of those who agreed to participate in the study by returning the GLQ 41% were subsequently
interviewed. But overall the questionnaire returns were low:
only 2.2% of males and 3.4% of females who were approached
both completed the AUDIT and participated in the telephone
interview, resulting in a non-representative sample and a high
risk of an external validity bias (Fernandez-Hermida et al.,
2012). In particular, the sample was skewed to low deprivation
postcodes (i.e. the less deprived in the population), though
there is an indication that drinking problem rates are broadly
comparable with national sample surveys. In the 2007 Adult
Psychiatric Morbidity Survey (APMS), alcohol dependence
rates using the Severity of Alcohol Dependence Questionnaire
(SADQ) for 18–35 year-olds are broadly comparable, given
the different measurement tools used, to WMH-CIDI figures in
the current study. For males, 16.8% were classified as alcohol
dependent in APMS, and for females the figure was 4.7%. In
the current study the figures were 13% males and 8.5%
females. Also from APMS, binge drinking rates were 84% for
men and 72% for women (‘drunk six or more drinks on one
occasion’), again broadly comparable given the different
measurement approaches. In the current study the figures were
71% males and 66% females. There are no reasonably direct
comparisons with APMS, or with the General Lifestyle
Survey for England and Wales, to be made for the other measures and definitions we have used in the current study. We
based our criteria for hazardous drinking on daily and weekly
drinking levels defined by the UK Government (Royal College
of Physicians, 2011). In sensitivity analyses, the results we
report in this paper are robust to different definitions for hazardous drinking, though of course prevalence levels will vary
according to definition.
Conclusions
Optimal test thresholds depended on the value attached to
minimizing the cost associated with false test results. For
screening tests it may be more appropriate to be more tolerant
of false positives and use a threshold with higher sensitivity,
though this is a matter for debate and further consideration by
policy makers and clinicians.
An alternative approach, using Bayes’ Theorem, is to calculate the post-test probability for each test score and to use this
in feedback and dialogue with screened patients, which may
include brief intervention or further tests. This approach has

Downloaded from https://academic.oup.com/alcalc/article-abstract/50/2/244/131404
by guest
on 19 August 2018

249

the advantage of using all available information rather than
collapsing test scores above and below a selected threshold
score. It will also take account of varying pre-test probabilities
based on known prevalence rates for specific age, gender and
other population parameters, and clinical judgment if desirable. Such an approach is entirely feasible using computer- or
web-based assessment and feedback technology, and could
also address some of the implementation problems that have
been identified with alcohol screening and brief intervention
in general practice (van Beurden et al., 2012).
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